Circadian Rhythm and Chronic Kidney Disease (CKD)
=================================================

The circadian rhythm is well known to have great influence upon many systemic mechanisms including the kidney function, blood pressure, salt intake and excretion, but not limited to sleep rhythm. In dipper-type patients, whose nighttime blood pressure is usually lower than their daytime blood pressure, salt intake sometimes attenuates the circadian rhythm of their blood pressure changes. Proteinuria, one of most important factors in CKD, is also reported to have a circadian rhythm ([Fig. 1A](#g001){ref-type="fig"}) ([@B1]). The level of proteinuria, especially from 03:00 to 06:00, was found to be clearly lower than that during the daytime. Originally, this circadian rhythm of proteinuria was considered to be caused by meal and salt intake during daytime ([@B1]). Recently, proteinuria was recognized as the balance of the excretion of proteinuria in the glomeruli and the re-absorption of proteinuria in the renal tubuli ([@B2]). The circadian rhythm of proteinuria might also be caused by this balance, because the renal tubular function is altered by various hormones that have circadian rhythm. Recently, many genes related to circadian rhythm have been reported to be expressed in the kidneys ([@B3],[@B4]), which might also contribute to the circadian rhythm of proteinuria.

![A: The circadian rhythm of proteinuria levels. Proteinuria has circadian rhythm. The proteinuria levels during nighttime, from 0:00 to 06:00 were lower than those during daytime. The figure was created from data reported by Buzio et al. (1). B: The circadian rhythm of melatonin levels. The melatonin level has a circadian rhythm. The melatonin levels during nighttime, from 0:00 to 06:00, were higher than those during daytime. The figure was adapted from the figure reported by Zhdanova et al. (6).](1349-7235-58-1531-g001){#g001}

Circadian Rhythm and Melatonin
==============================

Melatonin is an important circadian rhythm-related hormone that is regulated by the pineal body under light exposure ([@B5]). Melatonin is elevated during nighttime, which causes sleepiness two hours after its peak elevation ([Fig. 1B](#g001){ref-type="fig"}) ([@B5],[@B6]). Originally, role of melatonin was thought to be limited to the sleep rhythm. Recently, however, melatonin has been reported to be involved in autophagy, apoptosis, liver metabolism, and cancer ([@B5],[@B7]-[@B9]), suggesting that melatonin is a multi-functional hormone. Interestingly, the time course of melatonin was found to have an exact mirror image of the time course of proteinuria ([Fig. 1A](#g001){ref-type="fig"}). At 0:00 to 06:00, when melatonin was elevated, proteinuria was suppressed. The similarity of these time courses might indicate some relationship between melatonin and proteinuria. However, at this point, no direct relationship between melatonin and the kidney function has been reported.

Salt Loading Might Alter the Relationship between Melatonin and Proteinuria
===========================================================================

In this current issue, Ohashi et al reported that the urinary melatonin level and proteinuria were negatively correlated during both daytime and nighttime under standard salt conditions, but that this correlation could not be observed under low salt conditions ([@B10]). The authors proposed the hypothesis that melatonin had some influence on proteinuria, and that salt loading attenuated this correlation ([Fig. 2A](#g002){ref-type="fig"}). In this hypothesis, melatonin could account for the proteinuria in short sleepers ([@B11]), because short sleep should reduce melatonin levels. However, the levels of both melatonin and proteinuria have a circadian rhythm. Recently, genes related to circadian rhythm have been reported to enhance the systemic Na+/K+ATPase beta subunit, resulting in the circadian rhythm of blood pressure ([@B12]). Moreover, salt metabolism shows some circadian rhythm, and salt loading itself has a great influence on proteinuria. Thus, there is another possible mechanism wherein melatonin and proteinuria might be synchronic under the central circadian rhythm, with salt loading altering the proteinuria level independently ([Fig. 2B](#g002){ref-type="fig"}). More direct evidence of the relationship between melatonin and proteinuria is expected, because melatonin can be used in the clinical settings and because melatonin might represent a new therapeutic target for proteinuria.

![A: Possible mechanism of the relationship between melatonin and proteinuria if melatonin directly influences proteinuria. Melatonin has a circadian rhythm, resulting in the circadian rhythm of proteinuria. Salt loading might directly alter this relationship. B: Possible mechanism of the relationship between melatonin and proteinuria if melatonin does not directly influence proteinuria. Both of proteinuria and melatonin have circadian rhythm, resulting in the synchronism of these two parameters. Salt loading might independently alter proteinuria because a high salt intake usually increases proteinuria.](1349-7235-58-1531-g002){#g002}
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